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DISPLAY SYSTEM WITH 2D/3D IMAGE 
CONVERSION WHERE LEFT AND RIGHT 

EYE IMAGES HAVE A DELAY AND 
LUMINANCE DIFFERENCE BASE UPON A 
HORIZONTAL COMPONENT OF A MOTION 

VECTOR 

This application is a continuation of application Ser. No. 
08/380.753 ?led Jan 31. 1995 is now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of converting 

two-dimensional (2D) images into three-dimensional (3D) 
images and a 3D image display system for obtaining 3D 
images from 2D images. 

2. Description of the Prior Art 
In order to obtain 3D images having binocular parallax, it 

is necessary to record a 3D image signal on right and left two 
channels obtained by imaging using a dedicated 3D imaging 
device having two cameras. reproduce the signal. and dis 
play the signal on a dedicated 3D display or the like. 

According to this method. therefore. 3D images cannot be 
obtained from the existing 2D image software. 
Consequently. 3D image software must be newly produced 
in order to obtain 3D images having the same content as that 
of the existing 2D image software. 

SUNIMARY OF THE INVENTION 

An object of the present invention is to provide a method 
of converting 2D images into 3D images in which the 
existing 2D image software can be converted into pseudo 3D 
image software. 

Another object of the present invention is to provide a 3D 
image display system capable of obtaining 3D images from 
2D images. 
A ?rst method of converting 2D images into 3D images 

according to the present invention is characterized in that a 
right eye image signal and a left eye image signal between 
which that is relatively a time dilference are produced from 
a 2D image signal. thereby to convert 2D images into 3D 
images. 
The 2D image signal is obtained by reproducing 2D 

image software stored in a record medium by image repro 
ducing means. Further. the 2D image signal is outputted in 
real time from imaging means. CG (Computer Graphics) 
producing means or the like. 

An image represented by the 2D image signal includes a 
moving portion. and the time diiference is controlled on the 
basis of the speed of the movement in the moving portion. 
A second method of converting 2D images into 3D 

images according to the present invention is characterized in 
that a ?rst image signal which forms the basis and a second 
image signal which is delayed from the ?rst image signal are 
produced from a 2D image signal. and one of the image 
signals is taken as a left eye image signal and the other image 
signal is taken as a right eye image signal. thereby to convert 
2D images into 3D images. 
An image represented by the 2D image signal includes a 

moving portion. and delay indicating how many ?elds are 
there from a ?eld corresponding to the ?rst image signal to 
a ?eld corresponding to the second image signal is deter 
mined on the basis of the speed of the movement in the 
moving portion. That is. the higher the speed of the move 
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2 
ment in the moving portion is, the smaller the delay is. while 
the lower the speed of the movement in the moving portion 
is. the larger the delay is. 
The second image signal is obtained by storing the 2D 

image signal in a memory once and reading out from the 2D 
image signal stored in the memory a 2D image signal 
corresponding to the delay determined on the basis of the 
speed of the movement in the moving portion. 

It is determined on the basis of the direction of the 
movement in the moving portion which of the ?rst image 
signal and the second image signal is taken as each of the left 
eye image signal and the right eye image signal. That is. if 
the direction of the movement in the moving portion is a 
direction from the left to the right. the ?rst image signal is 
taken as the left eye image signal and the second image 
signal is taken as the right eye image signal. On the other 
hand. if the direction of the movement in the moving portion 
is a direction from the right to the left. the ?rst image signal 
is taken as the right eye image signal and the second image 
signal is taken as the left eye image signal. 
When the ?rst image signal and the second image signal 

corresponding thereto differ in the type of ?eld. that is. one 
of the signals is in an odd ?eld and the other signal is in an 
even ?eld. it is preferable that either one of the ?rst image 
signal and the second image signal is subjected to in?eld 
interpolation processing in order to make the image signals 
equal in the type of ?eld. 

In a ?eld where the delay has been just changed. it is 
preferable that the second image signal is subjected to 
inter?eld interpolation processing in order to obtain a 
smoothly moving signal. 
A third method of converting 2D images into 3D images 

is characterized in that a right eye image signal and a left eye 
image signal between which there is relatively a luminance 
difference are produced from a 2D image signal. thereby to 
convert 2D images into 3D images. 
An image represented by the 2D image signal includes a 

moving portion. and the luminance diiference is controlled 
on the basis of the speed of the movement in the moving 
portion. 
A fourth method of converting 2D images into 3D images 

is characterized in that a ?rst image signal which forms the 
basis and a second image signal the luminance of which is 
attenuated from the ?rst image signal are produced from a 
2D image signal. and one of the signals is taken as a left eye 
image signal and the other signal is taken as a right eye 
image signal. thereby to convert 2D images into 3D images. 
An image represented by the 2D image signal includes a 

moving portion. and the amount of attenuation of the lumi 
nance of the second image signal from the ?rst image signal 
is determined on the basis of the speed of the movement in 
the moving portion. That is. the higher the speed of the 
movement in the moving portion is. the smaller the amount 
of attenuation of the luminance is. while the lower the speed 
of the movement in the moving portion is. the larger the 
amount of attenuation of the luminance is. 

The second image signal is obtained by attenuating the 
luminance of the 2D image signal by variable luminance 
adjusting means such as an attenuator depending on the 
amount of attenuation of the luminance determined on the 
basis of the speed of the movement in the moving portion. 
A ?rst 3D image display system according to the present 

invention is characterized by comprising a 2D/3D image 
converter for converting 2D images into 3D images by 
producing from a 2D image signal a right eye image signal 
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and a le? eye image signal between which there is relatively 
a time difference and a display for realizing 3D images on 
the basis of the right eye image signal and the left eye image 
signal which are obtained by the 2D/3D image converter. 
A second 3D image display system according to the 

present invention is characterized by comprising a 2Dl3l) 
image converter for converting 2D images into 3D images 
by producing from a 2D image signal a right eye image 
signal and a left eye image signal between which there is 
relatively a luminance di?‘erence and a display for realizing 
3D images on the basis of the right eye image signal and the 
left eye image signal which are obtained by the 2D/3D 
image converter. 

Examples of the display include one comprising a 3D 
image display monitor for simultaneously displaying the 
right eye image signal and the left eye image signal which 
are obtained by the 2D/3D image converter. 

Examples of the display include one comprising a 2D 
image display monitor for alternately switching the right eye 
image signal and the left eye image signal which are 
obtained by the 2DI3D image converter for each predeter 
mined number of ?elds or frames and displaying the signal 
obtained by the switching and 3D image viewing glasses 
having a left eye portion and a right eye portion which can 
be so switched that one of the portions enters a light 
transmitted state and the other portion enters a light inter 
cepted state. In this case. the left eye portion and the right 
eye portion of the 3D image viewing glasses are so switched 
that one. which corresponds to an image displayed on the 
monitor. of the left eye portion and the right eye portion 
enters the light transmitted state in synchronism with the 
switching between the right eye image signal and the left eye 
image signal. 

Examples of the display include one comprising a 2D 
image display projector for alternately switching the right 
eye image signal and the left eye image signal which are 
obtained by the 2DI3D image converter for each predeter 
mined number of ?elds or frames and projecting the signal 
obtained by the switching and 3D image viewing glasses 
having a left eye portion and a right eye portion which can 
be so switched that one of the portions enters a light 
transmitted state and the other portion enters a light inter 
cepted state. In this case. the left eye portion and the right 
eye portion of the 3D image viewing glasses are so switched 
that one. which corresponds to an image projected by the 
projector. of the left eye portion and the right eye portion 
enters the light transmitted state in synchronisrn with the 
switching between the right eye image signal and the left eye 
image signal. 
The foregoing and other objects. features. aspects and 

advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. la-le are schematic views showing the basic idea 
of a method of converting 2D images into 3D images 
according to the present invention; 

FIG. 2 is a block diagram showing the entire construction 
of a 2D/3D image conversion system; 

FIG. 3 is a schematic block diagram showing the con 
struction of a 2D/3D image converter; 

FIG. 4 is a block diagram showing the detailed construc 
tion of the 2D/3D image converter; 
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4 
FIG. 5 is a timing chart showing signals in respective 

portions of the 2Dl3D image converter in a ?rst normal 
mode; 

FIG. 6 is a timing chart showing signals in respective 
portions of the 2D/3D image converter in a second normal 
mode; 

FIG. 7 is a block diagram showing another example of the 
2D/3D image converter; 

FIG. 8 is a block diagram showing another example of the 
2D/3D image conversion system; 

FIG. 9 is a block diagram showing still another example 
of the 2D/3D image conversion system; 

FIG. 10 is a block diagram showing a further example of 
the 2D/3D image conversion system; 

FIG. 11 is a block diagram showing a still further example 
of the 2D/3D image conversion system; 

FIGS. 12a and 12b are schematic views showing a right 
eye image R and a left eye image L; 

FIG. 13 is a timing chart showing the position in which 
2D/3D image conversion indicating data is inserted; and 

FIG. 14 is a schematic view showing the format of the 
2D/3D image conversion indicating data. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Description is now made of the basic idea of the present 
invention. Suppose an image scene where the background 
does not change and an object moves from the left to the 
right. as shown in FIG. 1a. If a right eye image and a left eye 
image between which a predetermined time di?erence is 
provided are produced. as shown in FIG. 1b. the position of 
the object differs by the amount of the movement of the 
object between the right eye image and the left eye image. 
Consequently. the dilference in the position of the object 
between the right eye image and the left eye image becomes 
parallax, thereby to make it possible to view 3D images. 
Numerals in FIGS. 1b and 10 represent ?eld numbers. 

If one of the left eye image and the right eye image is 
delayed by one to sevmal ?elds from the other image in 
reproducing the left eye image and the right eye image from 
2D image software. the original 2D image software can be 
converted into 3D image software comprising a right eye 
image and a left eye image between which there is parallax. 

FIG. 2 illustrates the construction of a 3D image software 
conversion system utilizing the 2D/3D converting method 
according to the present invention. 
A 2D/3D compatible VTR 11 has a function of reproduc 

ing 2D image software and a function of reproducing 3D 
image software. The 2D image software reproduced by the 
2D/3D compatible VTR 11 is converted into pseudo 3D 
image software by a 2D/3D image converter 12. after which 
the 3D image softwme is supplied to a 3D monitor 13. If a 
display without glasses by a lenticular method as disclosed 
in Japanese Patent Laid-Open No. 65943/1991 is used as the 
3D monitor 13, it is possible to reproduce from 2D images 
pseudo 3D images partially having a 3D eifect. A VTR 
having a function of reproducing only 2D image software 
may be used in place of the 2DI3D compatible VTR 11. 

FIG. 3 illustrates the schematic construction of the 2D/3D 
image converter 12 shown in FIG. 2. 
A 2D image signal a is inputted to an input terminal 1. The 

2D image signal a is sent to a ?rst input terminal of an image 
switching circuit 2. a motion vector detecting circuit 7 and 
a group of ?eld memories 5. 
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The group of ?eld memories 5 is provided so as to delay 
the 2D image signal a and output the delayed signal. An 
output of the group of ?eld memories 5 (a delayed 2D image 
signal b) is supplied to a second input terminal of the image 
switching circuit 2. The image switching circuit 2 switches 
the 2D image signal a and the delayed 2D image signal b 
depending on the direction of the movement of an object and 
outputs the signal obtained by the switching to an output 
terminal 3 from which a left eye image signal L is outputted 
and an output terminal 4 ?'om which a right eye image signal 
R is outputted. Delay (which indicates how many ?elds are 
there from a ?eld corresponding to the 2D image signal a to 
a ?eld corresponding to the delayed 2D image signal b) is 
variably controlled for each ?eld in the range of O to a 
maximum of 60 (approximately 1 second in NTSC (National 
Television System Committee». The variable unit may be a 
small unit of not more than one ?eld. If the delay is zero. the 
2D image signal a is sent to both the output terminals 3 and 
4 
The motion vector detecting circuit 7 detects a motion 

vector corresponding to the movement of the object between 
?elds on the basis of the 2D image signal a. The detected 
motion vector is supplied to a CPU (Central Processing 
Unit) 8. 
The CPU 8 controls a memory control circuit 6 and the 

image switching circuit 2. The CPU 8 extracts a horizontal 
component of the motion vector detected by the motion 
vector detecting circuit 7 and determines the delay depend 
ing on the horizontal component. The CPU 8 controls the 
memory control circuit 6 so that the 2D image signal 
corresponding to the determined delay is read out of the 
group of ?eld memories 5. 

Speci?cally. if the movement of the object is large or the 
motion vector is large. the delay is so determined as to be 
decreased. 0n the other hand. if the movement of the object 
is small or the motion vector is small as at the time of 
slow-motion reproduction, the delay is so determined as to 
be increased. 

In this example. the maximum value of the delay is 60. 
This corresponds to one second in the NTSC. which can 
almost correspond to a normal image scene. In the case of 
lower-speed slow-motion reproduction. however. the maxi 
mum value of the delay may be not less than 60. Rather, in 
the case of very low-speed slow-motion reproduction, the 
delay may be approximately several 100. 
The CPU 8 controls the image switching circuit 2 on the 

basis of the direction of the motion vector. That is, if the 
direction of the motion vector is from the left to the right, the 
2D image signal a is sent to the output terminal 3 from which 
the left eye image signal is outputted, and the delayed 2D 
image signal b is sent to the output terminal 4 from which 
the right eye image signal is outputted. If the direction of the 
motion vector is from the right to the left. the 2D image 
signal a is sent to the output terminal 4 from which the right 
eye image signal is outputted. and the delayed 2D image 
signal b is sent to the output terminal 3 from which the left 
eye image signal is outputted. 
As described in the foregoing. in the 2D/3D image 

converter 12. two image signals between which there is 
parallax corresponding to the speed of the movement are 
produced in a scene where the object moves in the horizontal 
direction in the 2D image signal. 
The left and right image signals from the output terminals 

3 and 4 are supplied to the 3D display without glasses by a 
lenticular method as disclosed in Japanese Patent Laid-Open 
No. 65943/ 1991. for example. thereby to reproduce pseudo 
3D images partially having a 3D effect. 
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6 
FIG. 4 illustrates a concrete example of a case where the 

above described 2D/3D image converter is integrated into an 
LSI. 
The 2D image signal a is ?rst separated into a luminance 

signal Y and color dilference signals R-Y and B-Y by a YC 
separating circuit 30. The luminance signal Y is converted 
into a digital signal by an analog-to-digital (A/D) converting 
circuit 31. Each of the color diiference signals R-Y and B-Y 
is converted into a digital signal by an A/D converting circuit 
32. The luminance signal and the color difference signals 
which are digital signals obtained by the AID conversion are 
inputted to an LSI for 2Dl3D conversion 33. 
The luminance signal Y inputted to the LS1 33 is clamped 

by a clamping circuit 331. after which the clamped lurni 
nance signal Y is supplied to ?rst input terminals of a ?rst 
selector S1 and a second selector S2. a motion vector 
detecting circuit 7 and a group of ?eld memories 5 externally 
provided. 
The group of ?eld memories 5 comprises three ?eld 

memories M01 to M03 into which data in odd ?elds are 
written and three ?eld memories MEl to ME3 into which 
data in even ?elds are written. The six ?eld memories M01 
to M03 and MEI to ME3 are connected in parallel. The 
writing and reading to and from the ?eld memories are 
controlled by a memory control circuit 332. 
The motion vector detected by the motion vector detect 

ing circuit 7 is supplied to a CPU 8. The CPU 8 determines 
suitable delay on the basis of the horizontal component of 
the motion vector. and controls the memory control circuit 
332 on the basis of the detmmined delay. 
The respective color difference signals R-Y and B-Y 

which are inputted to the LSI 33 are clamped by a clamping 
circuit 333 and are converted into a dot sequential signal 
R-Y/B-Y in which the color difference signals R-Y and B-Y 
altm'nately appear in a cycle of dots. The dot sequential 
signal (color dilference signal) R-Y/B-Y is supplied to ?rst 
input terminals of a third selector S3 and a fourth selector S4 
as well as the group of ?eld memories 5. 

Data composed of a total of 12 bits which comprises a 
8-bit luminance signal Y and a 4-bit color difference signal 
R-YIB-Y is supplied to each of the ?eld memories M01 to 
M03 and MEI to ME3. 

Luminance signals YO respectively outputted from the 
?eld memories M01 to M03 are inputted to third input 
terminals of the ?rst selector S1 and the second selector S2 
and a ?rst input terminal of a ?fth selector S5. Luminance 
signals YE respectively outputted from the ?eld memories 
MEI to ME are inputted to second input terminals of the 
?rst selector S1 and the second selector S2 and a second 
input terminal of the ?fth selector S5. 

Furthermore. color difference signals CO respectively 
outputted from the ?eld memories M01 to M0 3 are 
inputted to third input terminals of the third selector S3 and 
the fourth selector S4 and a ?rst input terminal of an eighth 
selector. Color dilference signals CE respectively outputted 
from the ?eld memories MEI to ME3 are inputted to second 
input terminals of the third selector S3 and the fourth 
selector S4 and a second input terminal of the eighth 
selector. 
The luminance signal Y. YO or YE outputted from the 

second selector S2 is supplied to a line memory LMl and an 
interpolation circuit 334. The luminance signal Y, YO or YE 
delayed for one horizontal scanning period in the line 
memory W1 is inputted to a third input terminal of the ?fth 
selector SS. An output of the ?fth selector S5 is supplied to 
the interpolation circuit 334. 
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The interpolation circuit 334 comprises a coe?icient unit 
(not shown) to which the output of the ?fth selector S5 is 
inputted. a coe?icient unit (not shown) to which the output 
of the second selector S2 is inputted and a ?rst adder (not 
shown) for adding outputs of the coe?icient units. 

In the coe?icient unit to which the output of the second 
selector S2 is inputted, the output of the second selector S2 
is multiplexed by an interpolation coe?icient K. In the 
coe?icient unit to which the output of the ?fth selector S5 is 
inputted. the output of the ?fth selector S5 is multiplexed by 
an interpolation coe?icient (1-K). 
An output of the interpolation circuit 334 is supplied to a 

sixth selector for a right eye S6 and a seventh selector for a 
left eye S7. Similarly. an output of the ?rst selector S1 is also 
supplied to the sixth selector for a right eye S6 and the 
seventh selector for a left eye S7. An output of the sixth 
selector S6 is supplied to a ?rst parallax adjusting memory 
for a right eye SMl. and an output of the seventh selector S7 
is supplied to a second parallax adjusting memory for a left 
eye SM2. 
The parallax adjusting memories SMl and 8M2 adjust the 

position for reading in the horizontal direction in the range 
of :48 pixels independently on the right and left sides. 
whereby the parallax is adjusted to adjust a 3D effect. 
The construction of circuits for processing a color differ 

ence signal in a stage succeeding the third selector S3 and 
the fourth selector S4 is the same as the construction of the 
above described circuits for processing a luminance signal. 
Speci?cally. a line memory LM2. an eighth selector S8. an 
interpolation circuit 335. a ninth selector S9. a tenth selector 
S10. a third parallax adjusting memory SM3 and a fourth 
parallax adjusting memory SM4 respectively correspond to 
the line memory LMl. the ??h selector S5. the interpolation 
circuit 334. the sixth selector S6, the seventh selector S7. the 
?rst parallax adjusting memory SMl and the second parallax 
adjusting memory SM2 as described above. 
A luminance signal outputted from the ?rst parallax 

adjusting memory SMl becomes a right eye luminance 
signal YR after a synchronizing signal is added thereto by a 
synchronizing signal adding circuit 336. and the right eye 
luminance signal YR is sent to a digital-to-analog (D/A) 
converting circuit 34. Further. a color difference signal 
outputted from the third parallax adjusting memory SM3 is 
converted into a right eye chrominance signal CR by an 
encoder 337 after a synchronizing signal is added thereto by 
the synchronizing signal adding circuit 336. The right eye 
chrominance signal CR is sent to the DIA converting circuit 
34. The right eye luminance signal YR and the right eye 
chrominance signal CR which are analog signals obtained 
by conversion in the DIA converting circuit 34 are synthe 
sized by a YC synchronizing circuit 35 to be a right eye 
image signal R. 
A luminance signal outputted from the second parallax 

adjusting memory SM2 becomes a left eye luminance signal 
YL after a synchronizing signal is added thereto by the 
synchronizing signal adding circuit 336. and the left eye 
luminance signal YL is sent to a DIA converting circuit 36. 
Further. a color difference signal outputted from the fourth 
parallax adjusting memory SM4 is converted into a left eye 
chrominance signal CR by the encoder 337 after a synchro 
nizing signal is added thereto by the synchronizing signal 
adding circuit 336. The left eye chrominance signal CR is 
sent to the BIA converting circuit 36. The left eye luminance 
signal YL and the right eye chrominance signal CL which 
are analog signals obtained by conversion in the D/A con 
verting circuit 36 are synthesized by a YC synchronizing 
circuit 37 to be a left eye image signal L. 
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FIGS. 5 and 6 illustrate signals (data) in respective 

portions of the 2D/3D image converter shown in FIG. 4. 
FIGS. 5 and 6 illustrate only the luminance signal out of the 
luminance signal and the color difference signal. 

Referring to FIGS. 5 and 6. description is made of 
operations performed by the 2Dl3D image converter. The 
operations of the circuits for processing a luminance signal 
and the operations of the circuits for processing a color 
di?’erence signal are the same except that a signal to be 
processed is a luminance signal or a color diiference signal 
and hence. only the operations of the circuits for processing 
a luminance signal will be described herein. 
As shown in FIG. 5. the luminance signal Y is succes 

sively written for each ?eld into the ?eld memories M01 to 
M03 and ME] to ME3 in the order of M01. MEI. M02. 
ME2. M03 and ME3 by write pulses ?'om the memory 
control circuit 332. After six ?elds. writing into all the ?eld 
memories is completed. In this state. data in the ?rst ?eld to 
the sixth ?eld are respectively written into the respective 
?eld memories M01 to M03 and MEI to ME3 without 
being overlapped with each other. 
Each of the ?eld memories M01 to M03 and MEI to 

ME3 holds the content of data until the write pulses are then 
inputted. If the write pulses are supplied to the ?eld memory 
M01 in the seventh ?eld. the content of the data is reloaded 
with the content of data in the seventh ?eld. The content of 
data in each of the ?eld memories M01 to M03 and ME] 
to MES is reloaded every six ?elds. 

In the present embodiment. the six ?eld memories are thus 
connected in parallel. and data is written into only one ?eld 
memory for each ?eld. Consequently. it is possible to 
signi?cantly reduce consumed power. as compared with a 
method of connecting ?eld memories in series and writing 
data into all the ?eld memories for each ?eld (data are 
successively sent between the ?eld memories). 

Control of reading from the ?eld memories M01 to M03 
and MEI to ME3 is carried out in the following manner. 
Delay corresponding to a motion vector (the movement of 
an object) is determined by the CPU 8. The memory control 
circuit 332 selects a ?eld memory in which data in a ?eld 
corresponding to the delay determined by the CPU 8 is 
stored and outputs read pulses to the selected ?eld memory. 

If data in the current ?eld is 03 and die delay is 2. for 
example, a shown in FIG. 5. read pulses are supplied to the 
?eld memory M02 storing data 02 in a ?eld which is two 
?elds ahead of the current ?eld. whereby the data 02 is read 
out of the ?eld memory M02. 
The operation of each of the selectors will be described in 

detail. The selector performs a selecting operation by a 
control signal from the CPU 8. In the present embodiment. 
there are a ?rst normal mode. a second normal mode and an 
edit mode. which can be freely set. Operations performed in 
a case where the ?rst normal mode is set will be described. 

(1) First Normal Mode 
If the ?rst normal mode is set. the signals in the respective 

portions in the 2D/3D image converter 12 are as shown in 
FIG. 5. 

If the ?rst normal mode is set. there exist (a) ?elds where 
no interpolation processing is performed and (b) ?elds 
where in?eld interpolation processing is performed. 

If one of a left eye image signal and a right eye image 
signal which are simultaneously supplied to the 3D monitor 
13 is in an odd ?eld and the other signal is in an even ?eld. 
the shift in the vertical direction occurs between right and 
left images. 
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If a combination of a ?eld including the luminance signal 
YO or YE (the delayed luminance signal) read out of the 
?eld memories M01 to M03 and MEI to MR3 and a ?eld 
including the luminance signal Y outputted from the clamp 
ing circuit 331 is a combination of an even ?eld and. an odd 
?eld. therefore. in?eld interpolation processing is performed 
in the vertical direction with respect to the delayed lumi 
nance signal. A signal obtained by the in?eld interpolation 
processing is used as a delayed luminance signal given to 
one eye. 

If a combination of a ?eld including the luminance signal 
YO or YE (the delayed luminance signal) read out of the 
?eld memories M01 to M03 and MEI to ME3 and a ?eld 
including the luminance signal Y outputted from the clamp 
ing circuit 331 is a combination of even ?elds or a combi 
nation of odd ?elds. the delayed luminance signal read out 
of the ?eld memory is directly used as a delayed luminance 
signal given to one eye. 
The ?rst selector S1 always selects the luminance signal 

Y from the clamping circuit 331 and supplies the luminance 
signal Y in the current ?eld which is not delayed to the sixth 
selector for a right eye S6 and the seventh selector for a left 
eye S7. 
0n the other hand. the second selector S2 selects any one 

of the luminance signals Y. Y0 and YE and outputs the 
selected luminance signal depending on the delay and 
whether a ?eld corresponding to the delay is even or odd. 
That is. in a case Where the delay is zero. the luminance 
signal Y is selected. In a case where the delay is other than 
zero. the luminance signal YO is selected if the ?eld 
corresponding to the delay is odd. while the luminance 
signal YE is selected if the ?eld corresponding to the delay 
is even. 

The ?fth selector S5 always selects the line memory LMI. 
Consequently. the luminance signal Y. YO or YE outputted 
from the second selector S2 and a signal obtained by 
delaying the luminance signal for one horizontal scanning 
period are inputted to the interpolation circuit 334. 
An interpolation coe?icient of the interpolation circuit 

334 is set by the CPU 8. If both the luminance signal Y 
outputted from the ?rst selector S1 and the luminance signal 
YO or YE outputted from the second selector S2 are in odd 
?elds or even ?elds. the interpolation coe?icient K is 1, so 
that no in?eld interpolation processing is performed. That is. 
if the delay is zero or even. no in?eld interpolation process 
ing is performed. In this case. therefore. the luminance 
signal Y. YO or YE outputted from the second selector S2 is 
outputted from the interpolation circuit 334. 

If one of the ?eld including the luminance signal Y 
outputted from the ?rst selector S1 and the ?eld including 
the luminance signal YO or YE outputted ?'om the second 
selector S2 is even and the other ?eld is odd. the interpo 
lation coe?icient K is 0.5. so that in?eld interpolation 
processing is performed. That is. if the delay is odd, in?eld 
interpolation processing is performed. In this case. therefore. 
a signal obtained by in?eld interpolation of the delayed 
luminance signal YO or YE outputted from the second 
selector S2 is outputted from the interpolation circuit 334. 
The luminance signal outputted from the interpolation 

circuit 334 and the luminance signal Y outputted from the 
?rst selector S1 are supplied to both the sixth selector S6 and 
the seventh selector S7. Both the selectors S6 and S7 
constitute the image switching circuit 2 shown in FIG. 3 for 
sending one of the output Y of the ?rst selector S1 and the 
output Y. YO or YE of the interpolation circuit 334 to the 
parallax adjusting memory for a right eye SMI and sending 
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10 
the other output to the parallax adjusting memory for a left 
eye SM2 depending on the direction of the motion vector. 
The parallax is adjusted by the parallax adjusting memories 
SM] and 5M2. 

(2) Second Normal Mode 
Description is now made of the operation of each of the 

selectors in a case where the second normal mode is set. 
Signals in the respective portions in the 2D/3D image 
converter 12 in this case are as shown in FIG. 6. 

If the second normal mode is set. there exist (a) ?elds 
where no interpolation processing is performed. (b) ?elds 
where in?eld intmpolation processing is performed. (c) 
?elds where inter?eld interpolation processing is performed. 
When the delay is changed. the movement of a delayed 

image is not smoother. as compared with that of an image in 
the current ?eld. In the second normal mode. therefore. a 
delayed image corresponding to the delay is subjected to 
inter?eld interpolation processing in a ?eld where the delay 
has bee just changed. thereby to smooth the movement. 

In a ?eld where the delay is not changed. the same 
operation as that in a case where the ?rst normal mode is set 
is performed. 

In the second normal mode. when the delay is changed 
from n to (n+1). an image in a ?eld corresponding to the 
delay 11 and an image in a ?eld corresponding to the delay 
(n+1) are respectively read out of the corresponding ?eld 
memories. In FIG. 6. the delay is changed from 1 to 2 when 
data in the current ?eld becomes 03. whereby data E2 in a 
?eld which is one ?eld ahead of the current ?eld and data 02 
in a ?eld which is two ?elds ahead of the current ?eld are 
read out of the ?eld memories. 

When the delay is changed from n to (n-l). the image in 
a ?eld corresponding to the delay n and an image in a ?eld 
corresponding to the delay (n- l) are respectively read out of 
the corresponding ?eld memories. In FIG. 6. the delay is 
changed from 3 to 2 when data in the current ?eld becomes 
08, whereby data E6 in a ?eld which is three ?elds ahead of 
the current ?eld and data 07 in a ?eld which is two ?elds 
ahead of the current ?eld are read out of the ?eld memories. 

The ?rst selector S1 always selects the luminance signal 
Y from the clamping circuit 331, and supplies the luminance 
signal Y in the current ?eld which is not delayed to the sixth 
selector for a left eye S6 and the seventh selector for a right 
eye S7. 
0n the other hand. the second selector S2 selects any one 

of the luminance signals Y, Y0 and YE and outputs the 
selected luminance signal. as shown in FIG. 6. That is. in a 
?eld where the delay is changed from 0 to l. the luminance 
signal Y is selected. In ?elds other than the ?eld where the 
delay is changed from 0 to l. the luminance signal Y is 
selected if the delay is zero, as in the ?rst normal mode. On 
the other hand. if the delay is other than zero. the luminance 
signal YO is selected if a ?eld corresponding to the delay is 
odd, while the luminance signal YE is selected if a ?eld 
corresponding to the delay is even. 

In a ?eld where inter?eld interpolation processing is 
performed, that is, a ?eld where the delay is changed. the 
?fth selector S5 selects the luminance signal YO or YE and 
oulputs the selected luminance signal by the following rule. 
Speci?cally. in the ?eld where the delay is changed from 0 
to l, the luminance signal YO is selected if a ?eld one ?eld 
ahead of the ?eld is odd. while the luminance signal YE is 
selected if a ?eld one ?eld ahead of the ?eld is even. 

In a ?eld where the change of the delay is other than the 
change from 0 to 1. the luminance signal YO is selected if 
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a ?eld corresponding to the delay before the change is odd 
on the basis of the current ?eld. On the other hand. the 
luminance signal YE is selected if a ?eld corresponding to 
the delay is even on the basis of the current ?eld. 

If one of the ?eld including the luminance signal Y 
outputted from the ?rst selector S1 and the ?eld including 
the delayed luminance signal YO or YE outputted from the 
second selector S2 which are ?elds other than the ?eld where 
inter?eld interpolation processing is performed is odd and 
the other ?eld is even. an output of the line memory LMl is 
selected by the ?fth selector S5. 
An interpolation coe?icient K of the interpolation circuit 

334 is set to 0.5 so as to perform inter?eld interpolation 
processing in a ?eld where the delay has been just changed. 
In this case. data in a ?eld corresponding to the delay in the 
current ?eld and a ?eld one ?eld ahead of the current ?eld 
are supplied to the interpolation circuit 334. In FIG. 6. if the 
current ?eld is 03. data 02 and B2 are supplied to the 
interpolation circuit 334. In the interpolation circuit 334. the 
arithmetical mean of the data in the two adjacent ?elds is 
found. thereby to smooth the movement of images. 

If one of the ?eld including the luminance signal Y 
outputted ?'om the ?rst selector S1 and the ?eld including 
the delayed luminance signal YO or YE outputted from the 
second selector S2 is odd and the other ?eld is even out of 
?elds other than ?elds where inter?eld interpolation pro 
cessing is performed. the interpolation coe?icient K is set to 
0.5 so as to perform in?eld interpolation processing. 

In the other ?elds. the interpolation coe?icient K is set to 
I. so that neither of the inter?eld interpolation processing 
and the in?eld interpolation processing is performed. 

In the example shown in FIG. 6. inter?eld interpolation 
processing is performed when the luminance signal Y in the 
current ?eld is 02. 03. 04. 05. 07. 08 and 09. On the other 
hand. in?eld interpolation processing is performed when the 
luminance signal Y in the current ?eld is E2. E4. E7 and E9. 
The operations of the sixth selector S6 and the seventh 

selector S7 in the second normal mode are the same as those 
in the ?rst normal mode. 

(3) Edit mode 
The edit mode will be described. 
In the above described two normal modes. the present 

luminance signal and the delayed luminance signal are 
irregularly replaced in a complementary manner depending 
on the direction of the motion vector in the outputs of the 
sixth selector for a right eye S6 and the seventh selector for 
a left eye S7. Consequently. the delayed luminance signal 
may be outputted as a left eye image signal or a right eye 
image signal depending on cases. 

Furthermore. as apparent ?'om comparison between the 
luminance signal which is not delayed and the delayed 
luminance signal (for example. the luminance signal Y in the 
current ?eld and the output of the interpolation circuit 334 
shown in FIG. 5). the ?eld order in the delayed luminance 
signal is not the same as that in the luminance signal which 
is not delayed Particularly in the process of decreasing the 
delay. some ?elds are thinned. 

Even if either one of the left eye image signal and the right 
eye image signal is selected. therefore. the luminance signal 
which is not delayed and the delayed luminance signal are 
present as a mixture. Therefore. it is not preferable that 
editing is performed using the selected image signal. 
Speci?cally. at the time of editing, the ?eld order must 
coincide with the ?eld order in the original image in at least 
one of the left eye image signal and the right eye image 
signal. 
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If the LS1 33 in the present embodiment is operated in the 

edit mode. an external selector must be provided between 
the output terminals of the ?eld memories and the input 
terminal of the LS1 33 to which outputs of the ?eld memo 
ries are inputted. Further. it is desirable that the number of 
?eld memories is increased to approximately 13. 

In this edit mode. the sixth selector for a right eye S6 is 
so set that the output of the ?rst selector S1 is always 
supplied to the parallax adjusting memory for a right eye 
SMI. Consequently. the output of the ?rst selector S1 is so 
selected as to be always an output for a right eye. Further. the 
seventh selector for a left eye S7 is so set that an output of 
the interpolation circuit 334 is always supplied to the 
parallax adjusting memory for a left eye SM2. 
Consequently. the output of the interpolation circuit 334 is 
so set as to be always an output for a left eye. 

Furthermore. the ?rst selector S1 is so set as to always 
select the third input terminal. while the second selector S2 
is so set as to always select the second input terminal. The 
above described external selector selects data (a memory 
output) in a ?eld where the delay is constant on the basis of 
the current ?eld with respect to the ?rst selector S1 and 
supplies the selected data into the third input terminal of the 
?rst selector S1. Further. the above described external selec 
tor selects data (a memory output) in a ?eld corresponding 
to the delay which varies depending on the motion vector on 
the basis of data in a ?eld where the delay is constant which 
is supplied to the ?rst selector S1 and supplies the selected 
data to the second input terminal of the second selector S2. 

Consequently, it is possible to always obtain a signal 
which is identical in the ?eld order to the original image in 
one of output terminals at the time of editing. 

Although the 2D/3D image converter according to the 
above described embodiment produces two signals between 
which there is a time di?erence from a 2D image signal as 
a method of producing parallax between a left eye image and 
a right eye image. two signals between which there is a 
luminance difference may be produced to view 3D images 
by a Pulfn'ch e?ect. 

FIG. 7 illustrates an embodiment of a 2Df3D image 
converter for producing two signals between which there is 
a luminance difference. In FIG. 7. the same portions as those 
shown in FIG. 3 are assigned the same reference numerals 
and hence. the description thereof is not repeated. 

In this 2D/3D image converter. an attenuator 9 which 
attenuates the luminance level between 0 db and —l0 db and 
a gain control circuit 10 are used in place of the group of 
?eld memories 5 and the memory control circuit 6 shown in 
FIG. 3. 
The attenuator 9 and the gain control circuit 10 are 

controlled on the basis of the magnitude of the motion 
vector. as in the 2D/3D image converter shown in FIG. 3. 
Speci?cally. if the movement of the object is large and the 
motion vector is large. such control is carried out that the 
amount of attenuation of the luminance of the attenuator 9 
is decreased. If the motion of the object is small or the 
motion vector is small as at the time of slow-motion 
reproduction. such control is carried out that the amount of 
attenuation of the luminance is increased. 
The amount of attenuation of the attenuator 9 is not 

limited to O to —l0 db. In a case where it is used for 
lower- speed slow-motion reproduction. an amount of 
attenuation of-several 10 db may be applied. In addition. a 
variable gain ampli?er may be used in place of the attenu 
ator. 

Ftn'thermore. the present invention is applicable to not 
only a case where the existing 2D image software is con 












